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acetylcholinesterase. cholinesterase and total cholinesterase than nucleus vestlbularls later&s (NVL). Field potentials as well as discharge of single neurones of nucleus vestibularis lateralis (NVL) were studied in locally anaesthetized. decamethonium immobilized ventilated cats before, during and after vestibular nerve and reticular formation stimulation.
Various cholinergic agonists and antagonists and the adrcnergic agonists L-DOPA and (+)-amphetamine were then given intravenously to determine their effects. Three ma_jor evoked potentials to vestibular nerve stimulation were recorded in NVL. These potentials were labelled lV1, Nz and IV, on the basis of polarity and latency. Although the N, and lV3 waves were not much affected. the N, wave was dramatically enhanced by physostigmine and reduced by scopolamine. About half of NVL neurones excited by vestibular nerve stimulation responded to muscarinic cholinergic drugs. Nucleus wstibularis lateralis responses to reticular formation (RF) stimulation were primarily nicotinic and were blocked by the nicotinic antagonist.
mecam!lamine. but not trimethadinium.
Some neurones excited by RF stimulation were enhanced by L-DOPA or (+ )-
The data indicate that cholinergic mechanisms are strongly involved in vestibular function. Adrenergic mechanisms are also involved. but to a much lesser extent.
well known that anticholinergic drugs are useful antimotion remedies. Therefore. it is pertinent to determine the role of cholinergic mechanisms in vestibular function. The known histochemical localization of acetylcholinesterase (AChE) in cat nucleus vestibularis is complex. Acetylcholinesterase levels are high in the superior and lateral nuclei, but low in the media1 and inferior portions (FRIEDE, 1966) . In the nucleus vestibularis lateralis (NVL) the cell bodies of Deiters' giant neurones contain almost all of the AChE. SHUTE and LEWIS (1960) and Ross (1969a. b) have also shown AChE in the vestibular ganglion of Scarpa. STEINER and WEBER (1964, 1965) and YAMAMOTO (1967) reported that NVL neurones activated by vestibular stimulation were also excited by the iontophoretic application of acetylcholine (ACh). Further neuropharmacological investigations on the choline_rgic mechanisms in the vestibular system are obviously needed. In this paper we describe our studies on the gross distribution of choline acetyltransferase (ChAc), AChE, cholinesterase (ChE) and total cholinesterase in the cat vestibular nerve and nucleus vestibularis lateralis (NVL). In addition, spontaneous unitary discharges were recorded in NVL neurones as well as field potentials to vestibular nerve stimulation before and after various cholinergic agonists and antagonists.
METHODS
Eight adult cats ofeither sex were used. After pentobarbital sodium (30 mg/kg i.v.). each animal was placed in a stereotaxic instrument.
In order to locate the NVL. a small electrode was inserted into the right side of the nucleus and fixed to the cranium with dental cement. The right vestibular nerve and brainstem were exposed under microscopic surgery using a Zeiss microscope (X6-X40). The vestibular nerve including Scarpa's ganglion and NVL was dissected out for chemical assay. trode was inserted into NVL. a characteristic field potential was evoked by single shocks to the vestibular nerve. The typical response was always elicited in the middle portion of NVL. The Iv? wave sometimes had two or three peaks. This indicates that there arc di&r-ent conducting axons in the peripheral vestibular nerve. The alterations in the X, and :'L'? waves during different placements of the microelectrode from a dorsal to a ventral trajcctory are shown in Figure 1 Two minutes after administration of nicotine (25 /c&/kg i.v.). the mean amplitude of the A', wave was not significantl>, reduced (P > 0.05) to 73.5 F 10.5 I_IV. The mean amplitude of the :c', wave was signilicantly reduced to 101.2 + 36.1 /IV (P < 0.01) while the amplitude of the N, wave did not change (P > 0.05). Five minutes after administration of physostigmine (25 /Lg;k.g i.v.). the mean amplitude of the A', wave increased to 3 154 & 29.X /lV (P < 0.001). Hoivever. the X, and lr3 waves did not change (Fig. 2) . The accumulative hotc the dramatic effects of phqsoatigmlnc in facilitating the Nz wave as well as xopolamine In reducing It. This wave was rcduccd following nicotine. All responses were measured 5 min after drug administration except after nicotine. w hlch U;I~ measured 2 min after injection. * = P < 0.05: ** = P < 0.01; *** = P < O~OOI.
dose response curve of physostigminc is shown in Figure 3 . The N, wave was not signilicantly increased with intravenous doses of 25 and 50 llg/kg. The Nz wave was remarkably enhanced even in small doses (5 pgjkg i.v.). The ,zi3 wave did not change at all. The optimal intravenous dose of physostigmine which facilitated the N, wave was 25 /lg.'kg. Larger doses caused a slight reduction.
As described above, the amplitude of the N, wave was enhanced by physostigminc in intravenous doses of 25 ,Llg,/kg. This cnhancemcnt was reduced by scopolamine (0.5 mg/kg i.v.). In this dose, scopolamine did not reduce the ,'I, and !Y3 waves. The effects ofcumulalive doses of scopolamine are shown in Figure 3 . The !I', wave was also reduced by large doses of scopolamine.
In contrast. the !'I', wave was markedly reduced, even with small doses of scopolamine (02s mg/kg i.\ .). The spontaneous unitary discharges from NVL were recorded mainly as biphasic but sometimes as monophasic spikes. The majority of units in NVL were O+ 1.5 mV in amplitude which discharged at a rate of 0.1 80 Hz. The mean i S.E. firing rate of 62 units was 19.3 ? 25,/set, as illustrated in the bar graph in Figure 4 . This value is slightly lower than in other studies (MATSLKXA. 1967 (MATSLKXA. . 1969 . Nicotine (25 /cg:kg i.v.) and scopolamine (0.5 mg.; kg i.v.) caused slightly grcatcr spontaneous discharge rates. Physostigmine (25 Lcgjkg i.v.) did not change the distribution of spontaneous discharge.
Trains of stimuli of 40 msec duration. 005-0. I mscc pulses at 50. 150 and 250 Hz were applied to the ipsilateral vestibular nerve. Optimal responses in NVL units were obtained at 250Hz. This frequency also produced excellent unit responses to RF stimulation. Thirty-eight neurones wcrc studied which responded to ipsilateral vestibular nerve stimulation. Twenty-two NVL neuroncs excited by vestibular nerve stimulation were further stimulated by physostigmine (35 /cg;'kg i.v.). The cxcitant effects of physostigmine were antagonized by scopolamine (0.5 mg.'kg i.v.). as shown in Figure 5 . The discharge rate of these neurones was not changed by nicotine (25 &kg i.v.). The discharge rate of five NVL neurones excited by vestibular nerve stimulation was depressed by physostigmine and enhanced by scopolamine.
Four of these units were not affected by nicotine. Twenty-seven neurones excited by vestibular nerve stimulation did not change their rate of discharge following nicotine.
Three neurones excited by vestibular nerve stimulation but not enhanced by physostigmine showed enhanced discharges following (+)-amphetamine in intravenous doses of 0.5 mg/kg. T\vo NVL units excited by physostigmine were unaffected by L-DOPA (10 mg,'kg i.v.). Only three neurones inhibited by vestibular nerve stimulation were stimulated by nicotine (25 /lg. kg i.v.). The effects of nicotine were completely antagonized by 2.0 mg,;kg mecamylamine given intravenously (see Table 2 ). In view of the fact that nicotine caused a reduction of the IZ" potential, these three NVL neurones might be inhibitory. Trains of stimuli to the vestibular nerve were always more effective than single shocks. Normally short trains of stimuli produced effects lasting about 200msec. After physostigmine.
these effects were markedly prolonged (about 500-600 msec). as illustrated in Figure 6 .
Control
Nlcotlle 25 pg/kg IV h?eiomylom~ne. 2 rag/kg v Thirty-seven NVL ncuroncs wcrc studied before and after RF stimulation. The responses to single RF shocks usually lasted about IO 50 mscc. Nucleus vcstibularis lateralis unit responses to a train of stimuli were allays grater and more prolonged than with single stimuli. Sixteen neurones excited by RF stimulation Mcrc CVCII further stimulated following physostigmine (25 /gkg i.v.). Scopolamine (0.5 mg kg i.\,.) did not depress the effects of reticular stin'iulation. Thirteen units ovcited hi, reticular stimulation were further stimulated by 25 @kg nicotine. Of thcsc. tight \vcrc depressed by physostigmine and five were stimulated by scopolamine. Three \vcrc not affcctcd b! scopolamine but were enhanced by I_-DOPA and/or (+)-ampIictamine (see Figure 7 and Table 3 ). Twenty-five neurones excited by RF stimulation wcrc further stimulated 1~) nicotine. Six of these wcrc dcprcssed by mecamylamine (24 mg.'kg i.\,.) (XC Fig. 8) . Howe\,cr. in another six units the cffccts of nicotine were not altered by, pretreatment \vith trimcthidinium (I.0 mg/kg i.v.). 0171~ one NVL ncuronc did not respond to cithcr RF stimulation or the intravenous admmistration of cholinergic agonists. The latency of onset with iontophoretic application of NE to NVL cells takes as long as 60 set or more (YAMAMOTO, 1967) . One would expect a much shorter latency for a chemical transmitter.
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These findings suggest that NVL neuronal responses to direct application of NE involves slower, perhaps indirect, mechanisms.
It should be noted that none of the vestibular nuclei contain many catecholamines (DAHLSTR~M and FUXE, 1964a, b, 1965; FI:x. Fr,xri and LENNERSTRANI), 1965: FUXE, 1965 (LEWIS and SHUTE, 1967; OSEN and ROTH, 1969: SHIAI. and LEWIS, 1960) . Again our data (Table 1 ) is in basic agreement. In general, NVL contains more of these enzymes than the vestibular nerve, whether expressed per gram of wet tissue or per gram of protein per millilitre of homogenate.
The amplitude of the NVL presynaptic potential due to vestibular stimulation did not change following physostigmine and scopolamine. It appears that the vestibular nerve is not cholinergic.
although it does contain some cholinergic enzymes. According to our pharmacological data. the primary vestibular afferent cannot be cholinergic. The relatively low content of AChE in the vestibular nerve might be explained by the data of Ross (1969a. b) who observed that the AChE of the vestibular nerve is not in the vestibular primary affercnt. but in an autonomic nervous system neurone in Scarpa's ganglion. The maJor criticism of the present research is that the changes induced by the drugs studied may be rcflcx in origin and not directly on the vestibular nucleus. Further studies involving the direct application of these agents to NVL neurones is clearly indicated.
